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SUMMARY 

This r e p o r t  provides  a general  a n a l y s i s  of  t h e  f l i g h t  dynamics 

of several sur face- to-a i r  and two a i r - t o - a i r  missile conf igura t ions .  

The a n a l y s i s  involves  t h r e e  phases: v e r t i c a l  climb, s t r a i g h t  and 

l eve l  f l i g h t ,  and cons tan t  a l t i t u d e  t u r n .  Wind tunnel  aerodynamic 

d a t a  and f u l l  scale missj.le c h a r a c t e r i s t i c s  a r e  used where a v a i l a b l e ;  

unknown d a t a  are es t imated ,  For t h e  constant  a l t i t u d e  t u r n  phase, 

a t h r e e  degree of freedom f l i g h t  s i m u l a t i o n  is  used .  Important pa- 

rameters considered i n  t h i s  a n a l y s i s  are t h e  v e h i c l e  weight ,  Mach 

number, heading angle ,  t h r u s t  l e v e l ,  s i d e s l i p  ang le ,  g loading,  and 

time t o  make t h e  t u r n .  The a c t u a l  f l i g h t  pa th  during t h e  t u r n  i s  

also determined. Resul t s  a r e  presented i n  graphica l  form. 

i v  
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I. INTRODUCTION 

In Volume I of this report, aerodynamic coefficients for approxi- 

mately 30 recently declassified missile configurations were compiled 

and tabulated in a consistent format. The purpose of this report, 

Volume 11, is to provide a general aerodynamic analysis of several 

missile configurations with maximum utilization of the data in Volume 

I. In this respect, several similar missiles in the surface-to-air and 

air-to-air classes are analyzed, and results are presented in a format 

for performance comparisons. 

Classically, analyses in flight dynamics are divided into three 

major areas. The first is performance, where such items as maximum 

speed, range, ceiling and endurance are considered. These items have 

special forms where tactical missiles are concerned. The second area 

is stability and control. Here maneuverability (control effectiveness) 

and dynamic stability are especially important when coupled with auto- 

matic control systems. Finally, there is aeroelasticity. The high-g 

maneuvers of missiles impose stringent requirements on the aerostructure; 

however, the slender, low aspect ratio configurations in use today are 

relatively insensitive to classical aeroelastic problems. 

The aerodynamic behavior and performance characteristics of a missile 

are highly dependent on the class of mission for which it was designed. 

In the surface-to-air category five configurations of one missile are 

considered; a wingless version, two similar winged versions, and a 

winged design with aft-tail controls and canard controls. In the air- 

to-air class, two specific designs are examined. 
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There are two approaches for performance anlayses. One i s  strictly 

an aerodynamic comparison of different designs with all variables other 

than the aerodynamic coefficients remaining fixed. 

dynamic comparison incorporating actual variables and initial conditions 

for each configuration, which is the method used herein. 

the configurations investigated are operational, information such as 

overall dimensions, weight, and grain size is available. 

e.g., specific impulse and moments-of-inertia - could be reliably estimated. 

The other is a 

. 

Since most of 

Othk variables - 

As stated prevrously, the objective of this analysis is to provide 

data on several missiles in certain aerodynamic environments. The 

analysis consists of three phases; two under performance and one under 

stability and control. The two phases in performance involve straight 

line horizontal flight and straight line vertical climb. 

tude horizontal turns due to constant rudder are examined in the stability 

Constant alti- 

and control phase. 

In each phase, the applicable rigid body equations of motion, in 

the form given by Fogarty and Howe in Ref. 1, are solved numerically on 

the digital computer. The coordinate system used for translational 

displacements is referenced to the flight path and, as pointed out i n  

Ref. 1, "...makes much lower accuracy and speed demands on the computer 

than does the body-axis system." For the rotational equations, the 

body axis system is used since again maximum utilization of computer 

time is realized. Assumptions, approximations and details of solutions 

are discussed in subsequent sections. 



TI. ANALYSIS 

Performance - Phase I: Hor izonta l  F l i g h t  

The performance phase f o r  h o r i z o n t a l  f l i g h t  c o n s i s t s  of two p a r t s .  

1x1 t h e  f i r s t  p a r t ,  the t h r u s t  r equ i r ed  t o  produce a given s t eady  state 

Mach number is de te rmbed .  

equat ions  were written i n  t h e  v e r t i c a l  and h o r i z o n t a l  p l anes  and were 

so lved  simultaneously i n  an i t e r a t i v e  manner. 

I n i t i a l l y  t h e  v e h i c l e  f o r c e  and moment 

These equa t ions  were 

T cos a = qS CD (M,a) (1) 

and 

Vartous v e h i c l e  weights w e r e  considered and t h e  t h r u s t  r equ i r ed  

versus 'Mach number was determined a t  several a l t i t u d e s .  The r e s u l t s  of 

these h i t L a l  computations indicate that the vehicle weight had l itt le 

e f f e c t  on t h e  t h r u s t  required,  as shown i n  Fig. 1. Consequently, 

Equations (2) and (3) w e r e  dropped and t h e  ang le  of a t t a c k  w a s  set at  

zero.  Equation (1) then  reduced t o  

T = qS C,, (M). (4) 
0 

The second p a r t  of t h e  h o r i z o n t a l  f l i g h t  c a l c u l a t i o n s  was  t h e  

s o l u t i o n  of t h e  s i m p l i f i e d  (a=O) h o r i z o n t a l  equat ions  of motion. The 

purpose of t h e s e  computations was  t o  provide i n i t i a l  cond i t ion  i n p u t s  

t o  Phase I E , t h e  cons tan t  a l t i t u d e  turn ,  and t o  f u r t h e r  i l l u s t r a t e  t h e  
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dependence of  t h e  veh ic l e  f l i g h t  Mach number on t h e  t h r u s t  and drag. 

These equat ions  were w r i t t e n  a s  

x = (T - qS CD (M)/m, 

? = J 2 d t ,  

M = ?/a, 

W =  W o - J f i d t .  

(5) 

(7) 

For t h e s e  equat ions  i t  w a s  assumed t h a t  a=O, = cons t  = T/Isp  and 

t h a t  t h e  a l t i t u d e  w a s  cons tan t  (sea l e v e l ) .  

h o r i z o n t a l  launch i n  which t h e  m i s s i l e  i s  allowed t o  a c c e l e r a t e  u n t i l  

t h e  g r a i n  i s  consumed, a t  which po in t  t h e  f l i g h t  i s  te rmina ted .  The 

veh ic l e  f l i g h t  Mach number is thus determined a s  a func t ion  o f  t h e  

v e h i c l e  weight o r  weight of g ra in  consumed. 

These equat ions  s imula t e  a 

I n  making t h e s e  computations,  t h e  i n i t i a l  v e h i c l e  weight and i n i t i a l  

g ra in  weight had t o  be  es t imated .  A t o t a l  v e h i c l e  dens i ty  of 100 l b s / f t 3  

w a s  assumed. A s  a f u r t h e r  check on t h e  weight e s t ima t ions ,  t h e  parameter 

W/S = 750 which was used by Spearman and Fournier  i n  Ref. 2 ,  served as 

a guide.  Data given i n  Ref. 3 w a s  a l s o  used as a gu ide l ine .  A s  a 

general  r u l e ,  t h i s  number f a l l s  w i th in  t h e  range of t h e  i n i t i a l  weight 

estimate and t h e  weight of t h e  v e h i c l e  a f t e r  t h e  g r a i n  burns out .  

Since po r t ions  of t h e s e  f l i g h t s  were subsonic ,  subsonic  aerody- 

namic d a t a  were requi red .  I n  t h e  major i ty  of t h e  wind tunnel  test r e p o r t s ,  

subsonic  d a t a  w e r e  n o t  a v a i l a b l e ,  and subsonic  drag coe .€f ic ien ts  had t o  be  

estimated using t h e  methods of  Ref. 4 .  
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Performance - Phase 11: Vertical Climb 

The vertical  climb phase of t h e  a n a l y s i s  c o n s i s t s  of  vertical  launch 

a t  some cons tan t  t h r u s t  level. As i n  t h e  o t h e r  phases ,  t h e  i n i t i a l  

weight of t h e  veh ic l e  as w e l l  as t h e  i n i t i a l  p r o p e l l a n t  o r  g r a i n  weight 

was requi red .  

assumed cons tan t  a t  250 seconds.  

flow r a t e  of p rope l l an t  w a s  assumed t o  be  

For each f l i g h t  t h e  s p e c i f i c  impulse of  t h e  g r a i n  w a s  

As a f u r t h e r  s imp . l i f i ca t ion  t h e  weight 

Obviously, t h e  drag and t h r u s t  are q u i t e  important  i n  t h i s  a n a l y s i s .  

I n  o r d e r  t o  accu ra t e ly  compute t h e  drag, t h e  drag c o e f f i c i e n t  w a s  w r i t t e n  

as 

A l t i t u d e  e f f e c t s  were taken i n t o  account through equat ions  de f in ing  t h e  

s tandard  atmospheric dens i ty  and speed of  sound as func t ions  of the 

he ight  2. Because of t h e  dependence of t o t a l  aerodynamic f o r c e s  on both 

Mach number and a l t i t u d e ,  maximum t h r u s t  l e v e l s  do no t  n e c e s s a r i l y  mean 

maximum a l t i t u d e s .  That is ,  i f  t h e  t h r u s t  l e v e l  is h igh ,  t h e  m i s s i l e  

a c c e l e r a t i o n s  are high which l e a d  t o  high drag  a t  low a l t i t u d e s .  

o t h e r  hand, lower t h r u s t  levels may produce lower drags  a t  h ighe r  a l t i -  

tudes.  

t h e  t h r u s t  l e v e l s  which produced maximum a l t i t u d e s  were determined. 

On t h e  

For some of t h e  m i s s i l e  conf igu ra t ions  presented  i n  t h i s  a n a l y s i s ,  

Because of  t h e  v e r t i c a l  launch from t h e  ground, subsonic  drag  coef- 

f i c i e n t  d a t a  were a l s o  requi red  i n  t h i s  phase. It w a s  a l s o  necessary  
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t o  e x t r a p o l a t e  t h e  d a t a  t o  h ighe r  Mach numbers than  those  run i n  t h e  

wind tunnel  tests. 

The procedure f o r  each f l i g h t  w a s  t o  set t h e  t h r u s t  at a given level, 

then  so lve  t h e  equat ions  of motion f o r  t h e  subsequent t r a j e c t o r y  and 

des i r ed  da ta .  The governing equat ions  f o r  v e r t i c a l  f l i g h t  are 

(W/g) Z = T - qS CD (M) - W, (11) 
0 

(12) 2 2  q = .5 p a  M 

W = W  - / i d t ,  
0 

M = i / a  (15) 

and 

F l i g h t s  w e r e  made a t  each of  fou r  d i f f e r e n t  t h r u s t  levels. The 

t h r u s t  levels chosen w e r e  designed t o  cover t h e  range of  t h r u s t  t h a t  

any one p a r t i c u l a r  missile w a s  assumed capable  of producing. During 

each f l i g h t  t h e  veh ic l e  weight ,  d rag ,  Mach number and t i m e  of  f l i g h t  w a s  

recorded a t  s p e c i f i c  a l t i t u d e  i n t e r v a l s  and appropr i a t e  p l o t s  were made. 

S t a b i l i t y  and Cont ro l  - Phase 111: Constant A l t i t u d e  Turn 

The t h i r d  phase of  t h e  a n a l y s i s  cons i s t ed  of a cons tan t  a l t i t u d e  

tu rn .  It is understood t h a t  a l l  t h e  missiles considered i n  this r e p o r t  

w i l l ,  i n  a l l  l i ke l ihood ,  no t  be  requi red  t o  make a f u l l  180' t u r n .  

However, t h e  a b i l i t y  of  t h e  missile t o  make a t u r n  is i n d i c a t i v e  of  i t s  
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a b i l i t y  t o  maneuver. Consequently t h e  information der ived  from a t u r n  

a n a l y s i s  is very d e s c r i p t i v e  of  t h e  m i s s i l e  aerodynamic e f f i c i e n c y .  

Three d i f f e r e n t  a l t i t u d e s  w e r e  s e l e c t e d  a t  which t h e  t u r n s  were 

t o  be made; namely, sea l e v e l ,  25,000, and 50,000 f e e t .  Thrust  levels 

during t h e  t u r n  were cons tan t  u n t i l  t h e  f u e l  w a s  consumed o r  u n t i l  t h e  

180" t u r n  is  completed. Vehicle  weight ,  g r a i n  weight ,  and Mach number 

a t  t h e  i n i t i a t i o n  of t h e  t u r n  maneuver was requi red .  

r e a l i s t i c  as p o s s i b l e  and s t i l l  s t a y  wi th in  t h e  c o n s t r a i n t s  of  t h e  over- 

a l l  a n a l y s i s  e f f o r t ,  t h e  weight of t h e  v e h i c l e ,  corresponding g r a i n  

weight ,  and Mach number were obtained from t h e  ver t ical  climb phase of  

t h e  a n a l y s i s .  For example, during t h e  ve r t i ca l  climb phase,  t h e  missi le  

t o t a l  weight ,  weight of f u e l  remaining, and Mach number a t  25,000 feet  

I n  o r d e r  t o  b e  as 

were s t o r e d  f o r  f u t u r e  re ference .  These t h r e e  parameters then  served  

as i n i t i a l  condi t ions  f o r  t h e  t u r n  a t  t h a t  a l t i t u d e .  This same pro- 

cedure w a s  used f o r  t h e  50,000-foot a l t i t u d e  t u r n .  

For t h e  sea leve l  t u r n ,  a s l i g h t l y  d i f f e r e n t  approach w a s  taken.  

From Phase I, t h e  m i s s i l e  i s  allowed t o  boost  h o r i z o n t a l l y  u n t i l  a Mach 

number of 1 .5  i s  obta ined ,  then  t h e  t u r n  procedure i s  i n i t i a t e d .  The 

input  weights ,  v e h i c l e  and g r a i n ,  are obta ined  from t h e  Phase I a n a l y s i s  

as previous ly  explained.  

The t u r n  maneuver w a s  begun wi th  t h e  miss i le  c e n t e r l i n e  on t h e  X- 

coord ina te  a x i s .  The rudder  o r  c o n t r o l  s u r f a c e  t o  i n i t i a t e  t h e  tu rn  i s  

d e f l e c t e d  a given amount 6 and t h e  missi le  then  a t tempts  t o  n e g o t i a t e  

t h e  tu rn .  

subsequent t r a j e c t o r y  were obtained from t h e  wind t u n n e l  da t a .  Because 

R 

The v e h i c l e  aerodynamics which d i c t a t e  t h e  f l i g h t  p a t h  and 
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of t h e  varying weight,  t h r u s t  cu to f f  and c.g.  s h i f t ,  t h e  r ad ius  dur ing  

each t u r n  w a s  no t  a cons tan t .  It was assumed t h a t  t h e  g ra in  w a s  l o c a t e d  

i n  t h e  a f t  po r t ion  of t h e  v e h i c l e  and consequently t h e  c.g. s h i f t e d  

forward as t h e  g ra in  was consumed. This forward c.g.  travel and its 

e f f e c t  on moment of  i n e r t i a  w a s  taken i n t o  account i n  t h e  a n a l y s i s ,  s i n c e  

s t a b i l i t y  of t h e  missile i s  dependent on t h e  l o c a t i o n  of t h e  c.g.  Other 

parameters which had t o  be  es t imated  were t h e  moments of i n e r t i a  and 

t h e  damping d e r i v a t i v e s  C and Cn . The damping d e r i v a t i v e s  were 
ylt j, 

es t imated  using L i f t i n g  Surface and Slender  Body Theory techniques.  

I n  t h e  i n i t i a l  s o l u t i o n s  of  t h e  governing equat ions ,  t h e  angle  of 

a t t a c k ,  a, w a s  included as a v a r i a b l e  and w a s  computed along wi th  o t h e r  

parameters .  However, i t  w a s  observed t h a t  under t h e  c o n s t r a i n t s  of 

t h e  cons tan t  t u r n  maneuver, ci had a n e g l i g i b l e  e f f e c t  on t h e  r e s u l t a n t  

f l i g h t  pa th  o r  o t h e r  p e r t i n e n t  v a r i a b l e s .  Consequently, a w a s  e l imina ted  

i n  t h e  remainder of t h e  computations. I n i t i a l  e f f o r t s  t o  use l i n e a r  

aerodynamics l e d  t o  i n c o r r e c t  r e s u l t s ;  consequently,  va lues  of C y  vs .  B 

and C n  v s .  B were inpu t  i n  t a b u l a r  form t o  inc lude  non l inea r  e f f e c t s .  

Double i n t e r p o l a t i o n  a lgor i thms were set up i n  o rde r  t o  determine 

accu ra t e ly  t h e  s i d e  fo rce  c o e f f i c i e n t s  and yawing moment c o e f f i c i e n t s .  

Drag c o e f f i c i e n t s ,  as i n  Phases I and 11, were ex t r apo la t ed  t o  M = 1.0 

and M = 6.0 and were a l s o  l i n e a r l y  i n t e r p o l a t e d  from inpu t  t a b l e s .  

A s  previous ly  mentioned, t h e  t h r u s t  level f o r  any one f l i g h t  w a s  

A t  t h e  beginning of  he ld  cons tan t  a t  one of fou r  p re se l ec t ed  va lues .  

each tu rn ,  t h e  burnout time f o r  t h e  g r a i n  was  determined from 

tb0 = W g / G  . 
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It w a s  then  assumed t h a t  t a i l o f f  ( f i n a l  burning of  g ra in )  occurred 

over a two-second per iod  and t h e  t h r u s t  l i n e a r l y  decayed t o  ze ro  dur ing  

t h i s  t i m e .  

S ince  t h e  t u r n  was at  a cons tan t  a l t i t u d e ,  motion w a s  r e s t r i c t e d  

t o  t h e  x-y plane.  

(no r o l l )  wi th  t h e  f i n s  o r  cruciform wings i n  t h e  "plus" conf igura t ion .  

The missile w a s  assumed t o  " s l ide"  through t h e  t u r n  

With t h e s e  r e s t r i c t i o n s  and assumptions, t h e  r e s u l t a n t  equat ions  

of  motion were wr i t t en :  

Xw = T cos a cos 8 + qS(-CD cos @ + Cy s i n  8 1 ,  

= - T cos a s i n  8 + qS(CD s i n  8 + Cy cos 8 ) ,  
yW 
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cn = Cn(B,M) . (30) 

These equations (18) through (30) were solved d ig i ta l ly  and the des ired 

parameters plotted. The output from the simultaneous solution of 

these equations includes (1) X versus Y ,  (2) g-level during turn, 

(3)  JI during turn, (4) B during turn, (5) Mach number during turn, 

( 6 )  weight of vehicle during turn, and (7 )  time required t o  make the 

turn. 



111. RITSULTS 

The t a b l e  below is a gene ra l  summary o f  t h e  missiles which were 

analyzed as descr ibed  i n  t h e  preceding s e c t i o n s .  

TABLE 
PHASE I11 

6=20° 6140' PHASE I PHASE 11 6=100 

TM X-2774 X X X 

TM X-1751 X X X X X 
TM X-1025 X X X X X 

TM X-3070 X X X 

TM X-846 X X X 

TM X-2780/A X X X X X 

TM X-2780/C X X X X X 

- 

For each missile conf igu ra t ion  p l o t s  are presented  which d e p i c t  t h e  

r e s u l t s  from each of t h e  t h r e e  "missions." 

f icat ion number which is indicative of certain parameters as described 

below. Example: 

On each graph is an i d e n t i -  

1005 TM X-2774 

Rudder Thrus t  i n  Missile i d e n t i f i c a t i o n  
d e f l e c t i o n  1000 l b s .  o r  Report Number 
i n  degrees 

For t h i s  example t h e  rudder d e f l e c t i o n  is 10 degrees,  t h e  t h r u s t  is 

5000 l b s . ,  and t h e  missile is taken  from NASA Report Number TMX-2274. 

Data on each graph is presented  f o r  t h r e e  d i f f e r e n t  a l t i t u d e s ;  sea 

level, 25,000 f t . ,  and 50,000 f t .  

-11- 
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I n  a d d i t i o n  t o  t h e  i d e n t i f i c a t i o n  number t h e  f i g u r e s  are numbered 

r e l a t i v e  t o  t h e  r e s p e c t i v e  “mission. The Roman numeral i s  r e s p e c t i v e  

of t he  mission as o u t l i n e d  below. 

I - Horizontal  F l i g h t  

II - Vert ical  F l i g h t  

I11 - Constant A l t i t u d e  Turn 

Other numbers i n  t h e  f i g u r e  number des igna t ion  are i n  consecut ive order .  

A s  a t y p i c a l  example of t h e  d a t a  presented €or  each missile, t h e  

m i s s i l e  de s igna ted  TM X-2774 i s  discussed i n  de t a i l .  F r o m  the  hor i -  

z o n t a l  f l i g h t  phase F ig .  2-1 d e p i c t s  t h e  te rmina l  Mach number versus  

t h r u s t  levels  f o r  var ious  a l t i t u d e s .  For  example, i f  t h e  t h r u s t  w e r e  

10,000 pounds, t h e  maximum Mach number t h e  m i s s i l e  could o b t a i n  at  

sea leve l  would be about M=3.3 b u t  a t  20,000 f e e t  a l t i t u d e  t h e  missile 

could reach a Mach number of M=5.5. 

Continuing wi th  Fig.  “-11, t h e  t i m e  requi red  t o  climb v e r t i c a l l y  

t o  var ious  a l t i t u d e s  is presented.  Note t h a t  on t h i s  p a r t i c u l a r  missile 

the  maximum a l t i t u d e s  are very high - i n  excess  of 100 m i l e s  - and con- 

sequent ly  t h e  t r a j e c t o r i e s  o r  d a t a  presented  i - t h e s e  h igh  a l t i t u d e  

regimes may be somewhat i n  e r r o r .  I n  F ig .  4-11, t h e  Mach number - 
A l t i t u d e  trace is  presented.  Note t h a t  maximum Mach numbers range from 

5.5,  a t  5000 l b s .  t h r u s t ,  t o  6.5 a t  20,000 l b s .  

The las t  f i g u r e  i n  t h e  Phase I1 f l i g h t  set i s  t h e  vehicle Weight 

versus  A l t i t u d e .  

t he  v e r t i c a l  boos t .  From t h i s  graph t h e  i n i t i a l  weight of  t h e  v e h i c l e  

may be obtained as w e l l  as t h e  f i n a l  burnout weight.  

F i g .  5-11 d e p i c t s  t h e  weight of  the vehicle during 



-13- 

The t h i r d  phase f l i g h t ,  cons tan t  a l t i t u d e  t u r n ,  i s  presented  i n  

t h e  nex t  series of  curves .  

time and v e h i c l e  weight are presented  as func t ions  of t h e  downrange 

d i s t ance ,  Y. The i n i t i a l  weight of t h e  veh ic l e  a t  t h e  cons tan t  t u r n  

a l t i t u d e s  a r e  obtained from Fig .  5-11. The f i r s t  of t h e  f i g u r e s ,  

Fig.  6-111, i s  f o r  a t h r u s t  level o f  5000 l b s .  wh i l e  t h e  second, t h i r d  

and f o u r t h  are f o r  10,000, 15,000, and 20,000 l b s .  t h r u s t ,  r e spec t ive ly .  

I n  F i g  6-111 through 9-111, t h e  f l i g h t  

I n  o rde r  t o  ge t  a clear p i c t u r e  of t h e  m i s s i l e  performance, a l l  

t h e  f i g u r e s  i n  t h i s  phase should be considered s i n c e  they are a l l  

i n t e r r e l a t e d .  

J,, are presented  i n  F igs .  10-111 through 13-111. Note t h a t  t h e  i n i t i a l  

Mach number f o r  each a l t i t u d e  i s  d i f f e r e n t .  The i n i t i a l  va lues  f o r  

t h e  v e h i c l e  f l i g h t  Mach number is taken from t h e  v e r t i c a l  f l i g h t  phase,  

F ig .  4-111. Note t h a t  f o r  t h i s  p a r t i c u l a r  m i s s i l e  and t h r u s t  = 5000 l b s .  

a t  a l t i t u d e  of  50,000 f e e t ,  t h e  g ra in  b u m s  out  be fo re  t h e  180" t u r n  i s  

completed. H o w e v e r ,  f o r  t he  o the r  two a l t i t u d e s ,  f u e l  s t i l l  remains 

a f t e r  t h e  t u r n  is completed. Inc reas ing  t h e  t h r u s t  level as shown on 

Figs .  11-111 through 13-111 produces somewhat d i f f e r e n t  r e s u l t s .  The 

next  set of curves ,  F igs .  1 4 - I V  through 17-111, p re sen t  t h e  g loading  

and s i d e s l i p  angle ,  6 ,  as func t ions  of  t h e  downrange d i s t a n c e ,  y .  Note 

t h a t  a t  t h e  beginning of t h e  t u r n  maneuver, t h e  missile o s c i l l a t e s  

about some nominal s i d e s l i p  angle  bu t  then  damps ou t  and maintains  a 

nea r  cons tan t  6. 

The Mach number dur ing  t h e  f l i g h t  and "heading angle ,"  

The f i n a l  se t  i n  t h e  Phase I11 series is t h e  most d e s c r i p t i v e  f o r  

I n  F igs .  18-111 through 21-111 t h e  f l i g h t  t h e  cons t an t  a l t i t u d e  t u r n .  
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pa th ,  X versus  Y ,  f o r  each t h r u s t  l e v e l  i s  presented.  Small r e p l i c a s  

of t h e  missi le  shape a r e  drawn on t h e  f l i g h t  pa th  t r a j e c t o r y  a t  d i s c r e t e  

l o c a t i o n s  a t  i t s  c o r r e c t  heading and s i d e s l i p  angle .  The f l i g h t  f o r  

each of t h e  t h r e e  d i f f e r e n t  a l t i t u d e s  are shown on t h e s e  f i g u r e s .  

The same genera l  f i g u r e s  as discussed above are presented f o r  t h e  

o t h e r  missiles as o u t l i n e d  i n  t h e  Table. There are a few except ions;  

f o r  example, t h e r e  i s  no Phqse I o r  Phase I1 f l i g h t s  f o r  TM X-3070 and 

TM X-846 s i n c e  t h e s e  are a i r  launched a i r - t o - a i r  missiles. The i n t e r -  

p r e t a t i o n  of t h e  r e s u l t s  of t h e s e  computations are  l e f t  t o  t h e  reader. 
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Fig. 43-111. Flight T i m e  and Vehicle Weight vs.  Downrange Distance, Y .  
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